The transdiaphragmatic pressure (Pdi) generated during bilateral supramaximal phrenic nerve stimulation at 1 Hz from surface stimulating electrodes was compared with pressures obtained from needle electrodes inserted under local anaesthesia. Surface electrodes were used to obtain diaphragmatic electromyograms and magnetometers to monitor rib cage and abdominal configuration. Twitch Pdi was recorded at functional residual capacity in three normal subjects. Mean (SD) twitch Pdi in the three subjects during stimulation with surface electrodes was 19-4 (1-8), 22 5 (1P1), and 29-3 (2-2) cm H20 compared with 12-9 (1-5), 17:4 (1-3), and 22-6 (3-0) cm H20 with needle stimulating electrodes. Thus phrenic nerve stimulation with needle electrodes was more complicated and more invasive than stimulation with surface electrodes and resulted in lower transdiaphragmatic pressures.
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Transdiaphragmatic pressure generated during bilateral supramaximal phrenic nerve stimulation at 1 Hz (twitch Pdi) has been used to assess diaphragmatic contractility. Some workers have used percutaneous stimulation'2 whereas others have suggested that needle stimulating electrodes are more reliable and comfortable than surface electrodes.3 The present study was performed to determine whether the twitch Pdi generated by needle electrodes was higher than that produced by surface electrodes to help determine which method is better in the assessment of twitch Pdi. Discussion Twitch Pdi obtained during stimulation with surface electrodes was higher than that obtained with needle electrodes. We performed studies on five separate days with surface electrodes. As previously reported,6 there was some day to day variability in the results, but this was less than the decrease in twitch Pdi seen when needle electrodes were used. We studied the latter technique on one occasion only as it was invasive and unpleasant for the subjects. The needles were inserted by an experienced investigator who had performed the technique on many previous occasions and who was confident that his positioning of the needles was optimal. We ensured that the stimulating voltage was supramaximal as judged by the height of twitch Pdi and the size of diaphragm muscle action potentials. Despite this, twitch Pdi obtained during stimulation with needle electrodes was lower in all three subjects. Twitch Pdi has been shown to vary significantly with lung volume and rib cage configuration.78 We ensured that stimulation had occurred at FRC by looking carefully at magnetometer traces of rib cage and abdominal movement and at traces of Pdi; only twitches obtained during relaxation at FRC were analysed for both surface and needle stimulating electrodes. Differences in lung volume or rib cage configuration are therefore unlikely to have been responsible for the differences in twitch Pdi with the two techniques.
An alternative explanation may have been the difference in posture for the two techniques. Subjects were supine with one pillow for stimulation using surface electrodes, and more upright during needle stimulation. Possibly therefore the diaphragm was shorter during needle stimulations and as a result of the relation between length and tension less transdiaphragmatic pressure might have been generated. Previous work, however, investigating the effect of posture on twitch Pdi showed no significant difference between twitches performed in the seated and supine postures.9 We conclude that difference in posture could not have accounted for the substantial difference in twitch Pdi between surface and needle stimulating electrodes.
To avoid anodal block when using needle electrodes, we took care to place the cathode nearer to the clavicle so that the direction of the stimulating current Thus stimulation using needle electrodes not only was more complicated and invasive but resulted in a lower twitch Pdi than surface electrodes. We are unable to provide a definitive explanation for our results. As phrenic nerve stimulation using surface stimulating electrodes appears to be a simple and easily learnt technique," surface stimulation may be used reliably in the clinical investigation of patients with respiratory muscle dysfunction.
